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Motivation

® New physics such as SUSY can have
new scalar bosons or modity couplings
= changing XS or angular distributions

® \V single top production

® sensitive to the Wtb couplings
<O-sing|e o)) ‘\/tb'ﬂ2>

® [wo dominant production modes at
Tevatron: s- and t- channel

® Recent precise single top production
measurements by D@:

® arXiv:| 105.2/88 & arXiv:| [08:309 |
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Anomalous Wtb Couplings

® [he most general, lowest dimension Wtb vertex:

T —10""q,
o 9 q

\/ib’yyvp[/ + fivPR)tW/: = \/§b MW;TPL . RfPR)tW’u_ + h.c.
Left-handed vector Right-handed vector Left-handed tensor Right-handed tensor
by B Ry =V - fRry =i Rr =V fr,
SM: Ly = |[Vip| ~ 1 and Ry = Ly = Ry = 0 w*

Vio

® (Constrain RH vector and tensor t
couplings: b

® pH—rsy branching ratio, [Ry| = 0.04 (pLB 457, 334, 1999)
® (Constrain the ratio of different couplings:

® W helicity in top quark decay (PRL 102, 092002, 2009)
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Measurement via Single Top

. : (] '
Assumptions: MC Particle Study
® Only existing production 2o
mechanism (SM & Anom.) =t [
® [Vigl2+|Ve? << V|2 w7\
® CP-conserving Wtb vertex e
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® Anomalous couplings in both () [G:\/]
broduction and decay

® Fvent kinematics and angular

(1/c)dofd(cos(u, 1))
o
(-]

distributions ¢ ook o
sensitive to >m¢ E T
anomalous \ : :

couplings Decay Chain R T

4



Strategies - Three Scenarios

® Secarch strategies: Pair the Ly MC for Ly+L7 interference
coupling with each of other s o
_three g 0018 L. Y,

¢ (Lv, LT); e
® (Lv, R\/); == =
® (Lv,Rr);Lv=Rr=1;Rv=1Lr=0

® (Ly,L7):also consider the non-
negligible interference Ly+Lr

I|III|III|III|III|III|III|III|III
J

® [heoretical cross sections (pb)
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antiproton

Fvent Selection

e 54 {b! dataset,
® One high pt IS0

® clectron: |N|

® bt > |5 GeVY,

® [otal transverse

Ref.Victor's Talk
ated electron or

muon:; pt > |5 GeV

< |l

® muon: |n| < 2.0
® | arge missing energy (> 20 GeV)
® [wo,three, or four jets

n| <35

® [he leading jet pT > 25 GeV

energy (Hr) cut

(120 GeV) to reject background

® Require one or two b-tagged jets
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Signal & Background Modeling
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® Signals: CompHEP+Pythia

® CompHEP allows Ly+Ltsamples
® \\V+jets and ttbar: Alpgen+Pythia

® Multiets: Data with none-isolated
epton

® Normalize W+jets and Multijets to
data (before b-tagging)

® After b-tagging,
® 5M Signal: Background = 1:20

® More detalls in Victor's Talk, arXiv:
| 105.2/88 & arXiv:l 108:309 |

7



https://indico.fnal.gov/contributionDisplay.py?sessionId=19&contribId=496&confId=3563
https://indico.fnal.gov/contributionDisplay.py?sessionId=19&contribId=496&confId=3563
http://arxiv.org/abs/1105.2788
http://arxiv.org/abs/1105.2788
http://arxiv.org/abs/1105.2788
http://arxiv.org/abs/1105.2788
http://arxiv.org/abs/1108.3091
http://arxiv.org/abs/1108.3091

cvent Yields & Samples

Channel Event Yields
Lv (SM) single top 3998 3
Lt single top 1381 £ 6.9
Ly+Lr single top 1478 + 6.6
Ry single top 366 + |.6
Rr single top 1400 + 7.2
W+jets 4943 + 598
Z+jets, dibosons 576 £ 113
ttbar pairs 2124 + 383
Multijets 451 £ 56
Total SM prediction 8492 + 987
Data 8471

® Samples in each scenario:
® (L, L7):Ly, L1, & LytLy
® (Ly,Ry): Lv & Ry
® (Lv, Rr): Lv & Rt

® [or Increasing sensitivity,
divide into 6 channels by

® ) jets, 3 jets,and 4 jets

® | b-tagesed &
) b-tagged



Multivariate Analysis - BNN

Some Input variables

® Bayesian Neural Networks:
To separate signals from
backgrounds

® BNN training:
® Object 4-momenta

® Angular variables based
on t spin and W helicity

® [or each scenario,

® Signal: Anomalous
coupling sample, Li/Rv/Rt

® SM single top, Ly,
included in backgrounds
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Systematic Uncertainties

® Main systematics:

® [he same as the SM
single top measurement

® Additional systematics:

® Signal cross sections:

3.8% for s-ch and 5.3%
for t-ch

® Mixed couplings in top
broduction and decay:

| 5% uncertainty In signal
modeling

The most important
systematic uncertainties

W-ets flavor scales
Jet Energy Scale
Jet Energy Resolution
b-jet Taggability
b-tagging

Mixed couplings

| 2%
<|5%
<|2%
22%
<[4%

| 5%




Coupling Measurement

Bayesian statistics approach

® RBinned likellhood on the
discriminants

2D posterior probability as a
function of |Vip-fiv]? & |Vib- fx|?

Integrate over |Vi - fiv]* to obtain
| D posterior of |Vi, - fx|?

Measure the anomalous couplings
according to the |D posterior

Uncertainties and their
correlations taken into account
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Results (Preliminary)

® No evidence for anomalous couplings

® Set 95% C.L. upper Iimits on | D posterior
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Conclusions

® 6 times of data (5.4 fb’') than the previous search
(0.9 fb!)

® Optimize the discriminants to anomalous couplings

® [ata prefer the left-handed vector (SM) coupling

® No evidence for anomalous couplings

® Set upper limits at 95% C.L.

® [Much better coupling limits than previous search

Scenario Qe (Lv, Rv) (Lv, R7)

Previous 0.9 fb! < 0.5 <25 < |4
Preliminary 5.4 fb- < (0 [e <093 < 0.06
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Systematic Uncertainties

® Most important ones:

® \W+ets heavy flavor scale factor
(129)

@
(=]

® et energy scale (<15%) 0 lchannes  DOSAM
® |et energy resolution (<12%) ?;, .
o b-jet Taggability (22%) 2 o ===
® b-tagging (<14%) j:f w
® |ntegrated luminosity (67%) E -

3
o

0.2 0.4 0.6 0.8 1
BNNComb6 discriminant output

—

® New ones:
® (olor reconnection (1%)
® Relative b/ light-jet calorimeter response (<1%)
® Higher-order jet fragmentation effects (few %)
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BNN Input Variables

® An example of the BNN inputs, 2 jets and | b-tagged channel.
® Object 4-momenta; Leptonkta, LeptonPt, METPY,

Bl 1@
| €aC
| €4C
| €4C

| €4

ing
Ing
ing
ing
ing

g
g

g

ntQuar
ntQuar

ntQuar

.

et
et
et

DeltaPhiLeptonMET, LeadingB Tagged|etPt,

3 lagged|etkta, LeadingB lagged|etleptonDeltaPhi,
B lagged|etB TagNN, LeadinglightQuark|etPt,

<
<

—ta,
_eptonDeltaPhi,

R TagNN

® (harge information: Q Timeskta

® \NTransverseMass

® Angular distribution: CosB lagged|etLeptonBTaggedTop,
CosleptonQ/ZBestTop,
CosleptonBTlagged lopFrameB lagged lopCMFrame,
CosLightQuarkjetleptonB Tagged Top
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